SUMMARy
This randomised controlled study assessed whether continuous positive airway pressure (CPAP) of 10 cmH 2 O during cardiopulmonary bypass improves post-bypass oxygenation in children compared with no CPAP during bypass. We studied children with a ventricular septal defect. CPAP of 10 cmH 2 O was applied during bypass in the CPAP group (n=24), whereas the lungs were left deflated in the control group (n=20). In both groups, an alveolar recruitment maneouvre was performed by applying positive pressure of 30 to 40 cmH 2 O for five seconds before weaning from bypass. Postoperative ventilation had the peak inflation pressure set to produce an expired tidal volume of 8 ml/kg with positive end expiratory pressure of 5 cmH 2 O. Arterial blood gas and haemodynamic measurements were performed at skin incision, five minutes after weaning from bypass, five minutes after chest closure and four hours after arrival in the intensive care unit. In four children CPAP was discontinued because it adversely affected the operating field. There was no difference in demographic characteristics, haemodynamic data, bypass time and operation time. No difference was observed between the groups with respect to pH, P a O 2 , P(A-a) DO 2 , P a CO 2 , and ETCO 2 at each time. Variability in the data was greater than expected, leading to a decrease in the expected power of the study. CPAP at 10 cmH 2 O during bypass was not found to improve the post-bypass oxygenation as compared with leaving the lung deflated during bypass in children undergoing ventricular septal defect repair who had an alveolar recruitment maneouvre at the end of bypass.
METHODS
After obtaining ethics committee approval and informed written consent from the patients' parents, we studied 44 paediatric patients with VSD or VSD combined with atrial septal defect scheduled for elective surgical repair. Patients with recent upper or lower airway infection, pulmonary oedema, any lung disease or other combined cardiac anomaly except atrial septal defect were excluded. Patients were randomly allocated into the CPAP group (n=24) or the control group (n=20) using a computergenerated randomisation list. if the study could not be completed in the included patient for any reason, the next subject was allocated into the previously allocated group.
Preoperative tachypnoea, chest retraction and medication for heart failure were recorded. The presence of pulmonary hypertension was assessed by reviewing a previous echocardiography report.
Anaesthesia was induced with midazolam 0.1 mg/kg, thiopentone 5 mg/kg, fentanyl 10 μg/kg and vecuronium 1.5 mg/kg. The lungs were initially ventilated with an inspired oxygen fraction (FiO 2 ) of 1.0 with sevoflurane 2.0% and the trachea was intubated. Anaesthesia was maintained with a continuous infusion of midazolam, sufentanil and vecuronium. The lungs were ventilated with an FiO 2 of 0.5, using pressure control and the peak inflation pressure (PiP) adjusted to obtain an expired tidal volume of 10 ml/kg (Primus, Dräger Medical, Lübeck, Germany). The respiratory rate was adjusted to maintain E T CO 2 between 30 and 40 mmHg confirmed by arterial blood gas analysis. The CPB prime solution was composed of Hartmann's solution, mannitol, albumin, packed red blood cells and bicarbonate. The CPB flow was maintained at 1.2 to 3.1 l/m 2 /min. Antifibrinolytic agents were not used.
Once on bypass, CPAP was established in the treatment group via the circle system with the airway pressure maintained at 10 cmH 2 O using 50% oxygen with medical air by adjusting the pressure-relief valve (Primus, Dräger Medical, Lübeck, Germany). in the control group, the endotracheal tube was left open to the atmosphere. Before separation of the patient from CPB, the lungs were fully inflated by squeezing the bag until the airway pressure increased to 30 to 40 cmH 2 O for five seconds. Ventilation was then commenced with the PiP adjusted to maintain an expired tidal volume 10 ml/kg at FiO 2 0.5 and modified ultrafiltration was performed. All patients were transferred to the intensive care unit (iCU) and pressure-controlled ventilation was initiated with FiO 2 0.5, the PiP adjusted to maintain an expired tidal volume of 8 ml/kg and positive end-expiration pressure at 5 cmH 2 O (Servo Ventilator 300, Siemens, Sweden).
Arterial blood gas analysis and haemodynamic measurements were performed at skin incision (T1), five minutes after weaning from CPB (T2), five minutes after chest closure (T3) and four hours after arrival in iCU (T4).
This study was designed to have a 90% power to detect a difference of 50 mmHg between the mean P a O 2 of the control group and the CPAP group with a significance level of 0.05. Data analysis was performed by using unpaired t-test and an analysis of variance for repeated measures. Significant differences were subsequently analysed by using the Student Newman-Keuls test. Data are expressed as mean ± SD. A P value <0.05 was considered significant.
RESULTS
There was no difference between the two groups with respect to demographic, preoperative and intraoperative characteristics ( Table 1) . No differences were observed between groups with respect to pH, P a O 2 , P(A-a)DO 2 , P a CO 2 , E T CO 2 , and haemodynamic data during the study ( Table 2) .
Because hyperinflation of the lung due to CPAP compromised the operating field in four patients in the CPAP group, application of CPAP was ceased during CPB. After discontinuing the CPAP, the surgical condition was improved. The data from these four patients were omitted. Intraoperative transoesophageal echocardiography or postoperative transthoracic echocardiography did not demonstrate any significant residual VSD.
DISCUSSION
The most common cause of impaired oxygenation in the postoperative period is mismatch. Postbypass inflammation, reperfusion injury, ischaemia and atelectasis contribute to the mismatch or intrapulmonary shunt. One possible measure to reduce the pulmonary impairment is the use of the static inflation of the lungs during CPB. However, post-CPB atelectasis is not effectively prevented by CPAP at 5 cmH 2 O applied during CPB in a pig model 4 . In adults, CPAP at 5 cmH 2 O during CPB does not result in significantly better postoperative gas exchange variables 5 but the effect of CPAP at 10 cmH 2 O remain controversial 1, 2 . In children, CPAP at 5 cmH 2 O has no effect on post-bypass oxygenation 3 . However, there are no data about the effect of CPAP at 10 cmH 2 O on post-bypass oxygenation in children. In the current investigation, we observed that CPAP at 10 cmH 2 O during CPB does not significantly improve post-bypass oxygenation in children with VSD when followed by an alveolar recruitment manoeuvre before resumption of ventilation. This finding is in accord with the conclusions of a review of ventilator strategies and postoperative lung function in relation to CPB 6 . There are possible explanations for the failure to demonstrate a difference between the CPAP group and the control group. First, we used an alveolar recruitment after CPB in both groups. All collapsed healthy lung tissue can be expanded by inflation up to 40 cmH 2 O for seven to eight seconds 7 . Alveolar recruitment manoeuvres have been reported to improve oxygenation during open heart surgery 8, 9 . Recruitment manoeuvres on patients in a paediatric iCU have been shown to result in a significant decrease in oxygen requirement for up to six hours 10 . Frequency of atelectasis was much less following the alveolar recruitment strategy, compared with children who did not have the recruitment manoeuvre performed. The application of only 5 cmH 2 O of CPAP without a prior recruitment manoeuvre was associated with more extensive atelectasis compared to the control group without positive end-expiration pressure 11 . it appears that the post-bypass oxygenation is independent of ventilation strategy during CPB if a lung recruitment manoeuvre is performed before separation from CPB. The efficacy of the recruitment procedure may be the most important factor. Other factors such as having normal lungs preoperatively and the use of modified ultrafiltration post-bypass may minimise the negative effect of CPB on the lungs. We cannot rule out the risk of a beta error because a post hoc power analysis shows the power to be less than 32% due to a relatively larger standard deviation than expected.
There have been suggestions that decline in lung function after bypass could relate to absorption atelectasis and a lower FiO 2 has been suggested to assist prevention of that problem. For the purpose of avoiding the absorption atelectsis, oxygen toxicity and ischaemic damage, we used FiO 2 0.5 for ventilation and CPAP.
There may be a disadvantage of CPAP during CPB, particularly in small children, besides possible barotrauma. CPAP during CPB may worsen the operating field by the inflated lungs. Berry et al, while using 5 cmH 2 O CPAP during CPB in patients undergoing CABG, reported several cases where the surgeon requested that the lungs be deflated to provide better surgical access 5 . in our study, CPAP made the operative field worse in four of 24 patients.
There are several limitations in this study. First, we did not study other parameters which determine ventilation/perfusion mismatch and lung mechanics such as shunt fraction, lung compliance and biomarkers of inflammation. Second, there may be limited application to other types of patients with different cardiac anomalies. Another limitation is related to study duration. Therefore, our conclusion can only be applied to immediate postoperative gas exchange. The reason that we did not extend the study duration including the extubation time was that there were many additional confounding factors we could not control in the iCU. Last, a low power due to greater variability of the data compared with that used for the pre-study power calculation is a limitation.
in conclusion, in children with VSD and normal preoperative lung condition, application of 10 cmH 2 O of CPAP during CPB did not improve oxygenation after CPB and in some cases interfered with the surgical field.
